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ABSTRACT 
Present developments in the field of materials chemistry show that, 
though inorganic materials are still the choices for many devices, interest in 
organic materials are growing day-by-day in view of their adaptability to various 
kinds of applications. The field of organic molecular materials has transformed 
the use of materials in the modern world in the last 20 years, and it can be seen 
that organic molecules provide wonderful opportunities to materials researchers 
to design custom-tailored materials whose properties at the macroscopic 
/microscopic level reflect closely to the modeled or actual behavior of individual 
molecules. In other words, development of novel functional organic materials is 
a rapidly growing area of science, which probably can replace the traditionally 
used materials with cheaper and better-performing new ones in the near future, 
and also bring out some new applications.  
In view of the technological applications of the organic materials, the 
current research focus is in five technical areas, which are (1) Structural and 
multifunctional materials, (2) Energy and power materials, (3) Photonic and 
Electronic Materials, (4) Functional organic and hybrid materials, (5) Bio-
derived and bio-inspired materials. Among the five main technological thrust 
areas of the organic materials, the focus of this thesis is on “PHOTONIC 
MATERIALS”. In other words, this thesis deals with the computational design 
of the some efficient molecular materials, which can find applications in the 
field of linear and electric nonlinear optics (otherwise known as photonics). 
 This thesis consists of five chapters in which the first chapter gives an 
over view of fundamental principles and present trends in the field of linear and 
electric nonlinear optical properties and the subsequent chapters gives 
description for designing the materials using computational techniques for linear 
and nonlinear optical properties.  
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CHAPTER 1 
This chapter gives a general introduction to the linear absorption and 
electric nonlinear optical properties. The basic definitions and the theoretical 
methods to calculate these properties using different methods are given. A 
special emphasis is given to the third order nonlinear optical properties. Finally 
importance of molecules, namely squaraines and croconates chosen for this 
work and their applications are discussed. 
CHAPTER 2 
This chapter is mainly focused to bring the major differences between the 
symmetrical and unsymmetrical squaraines. For this Natural Resonance Theory 
(NRT) and Natural Bond Orbital (NBO) analysis have been carried out on a 
simple symmetrical and an unsymmetrical substituted squaraine with a view of 
understanding the structure of the latter type of squaraines. It is found that there 
are some fundamental differences in the structure and bonding between these 
two types of squaraines particularly in the resonance weights and delocalization 
energies. These differences are expected to reflect in the low energy transitions 
and charge transfer in these squaraines. To investigate this, the nature of the 
lowest energy transitions occurring on excitation in unsymmetrical squaraines 
has been studied using high-level Symmetry Adapted Cluster-Configuration 
Interaction Method (SAC/SAC-CI) and compared with reported experimental 
observations. In general the agreement with the experimental data is very good. 
The transition dipole moment always lies on the pi -backbone and is quite large 
in magnitude. The ground state dipole moment in some cases does not change in 
the excited state upon excitation while in some other cases there is a large 
reduction /enhancement in the magnitude indicative of some charge 
rearrangement in this direction. Inclusion of the solvent using the IEFPCM 
model, a slightly better agreement with the experiment is found in some cases. 
Studies are carried out with a different basis set and it is found that the change in 
basis set has very little effect on the transition energies.  In the case of weak side 
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donor groups attached to the central ring the larger charge transfer to the central 
acceptor ring in general takes place from the O− atoms of the squarylium moiety 
while in the case of strong donors the charge transfer from the O− atoms to the 
central rings drop down. From this it is observed that there is no correlation 
between the charge transfer in the excited state to the central ring from the side 
donor groups and the lowest energy excitation in the molecules. Reduction of 
the HOMO-LUMO gap (an indication of increase of the diradicaloid character) 
always leads to a bathochromic shift.  
CHAPTER 3 
Di-(benzofuranonyl) methanolate (BM4i4i) dye and croconate dyes in 
general are known to have intense transitions in the near-infrared (NIR) region 
indicating small transition energies, and large transition dipole moments. These 
molecules have been reported in literature to have very large resonant third 
order nonlinear optical (NLO) susceptibilities and molecular 
hyperpolarizabilities (γ ). In this chapter, focus is to investigate structure 
property relation ship using Density Functional Theory (DFT) /ab initio 
/Symmetry Adapted Cluster-Configuration Interaction(SAC-CI) techniques the 
oxyallyl substructure and attribute the NIR transition and the NLO activity to 
this substructure, which is common in all these molecules. Also investigated is 
the design principle using valence bond (VB) theory –an analysis of a three state 
model of this substructure. It is seen that the mixture of an intermediate diradical 
character and some zwitterionic character in the molecule and a large coupling 
between these two VB resonance forms is responsible for large γ  values.  
CHAPTER 4 
 Role of the donor groups connected to the oxyallyl central moiety 
(suggested to be a powerful acceptor) has been emphasized in the literature for 
tuning the absorption maxima and obtaining large NLO activity in croconates 
and squaraine dyes which are oxyallyl derivatives. Here two different series of 
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croconate dyes are considered as model molecules as strong donors to the 
oxyallyl ring. Using the theoretical techniques like DFT, TDDFT and Symmetry 
Adopted Cluster-Configuration Interaction (SAC-CI), the linear absorption and 
non resonant third order optical nonlinearity, charge transfer and excited states 
of these molecules are studied. It is observed that these molecules have smaller 
singlet diradical character and the absorption is not in the Near Infra Red (NIR), 
as other reported croconates but in the 440-480 nm range. There is a larger 
charge transfer (CT) from the side groups to the central ring in these croconates 
evident from SAC-CI calculations compared to CT in NIR croconates. This 
clearly supports the model that the NIR absorption in oxyallyl derivatives is 
correlated to the singlet diradical character and not to the donor capacity. It is 
found that the diradical character in croconates play the major role and not the 
donor groups. It is concluded that with a non centro-symmetric structure, 
tunable absorption (visible-NIR) and larger γ  values, these less studied 
croconate dyes are more interesting and will have a major role to play, than the 
widely reported centro-symmetric squaraines, as molecular materials.   
CHAPTER 5 
Ab initio SAC /SAC-CI calculations have been carried out in oxyallyl 
molecules with extending conjugation. It is observed that oxyallyl shows two 
different types of behaviors with increasing conjugation. When the conjugation 
length increased evenly, it shows a cyanine type of behavior and shows longer 
wavelength absorption and nonlinear properties with increasing diradical 
character while with odd conjugation; it behaves like a simple polyene and 
shows less diradical character and changes in linear and nonlinear properties 
compared to the even case.  
 
 
